Pulmonary hypertension remains a major cause of cardiac maternal death in the developed world. Over the last two decades, effective therapies for pulmonary hypertension have been developed, improving symptoms and survival. Consequently, increasing numbers of women with pulmonary hypertension and childbearing potential exist, with a number considering pregnancy. Patients with pulmonary hypertension may also present for the first time during pregnancy or shortly following delivery. The last decade has seen increasing reports of women with pulmonary hypertension surviving pregnancy using a variety of approaches but there is still a significant maternal mortality at between 12% and 33%. Current recommendations counsel that patients with known pulmonary hypertension should be strongly advised to avoid pregnancy with the provision of clear contraceptive advice and termination of pregnancy should be considered in its eventuality. In patients who are fully informed and who have been counselled regarding the risks of continuing with pregnancy, there is growing evidence that a multi-professional approach with expert care in pulmonary hypertension centres may improve outlook, although the mortality remains high.
Pulmonary hypertension (PH) is defined at cardiac catheterisation as a mean pulmonary artery pressure (mPAP) of at least 25 mmHg. It has many causes and improved understanding of pathophysiology led to an internationally recognized system of classification that has identified five major disease groups: Group 1, pulmonary arterial hypertension (PAH); Group 2, PH owing to left heart disease (PH-LHD); Group 3, PH owing to lung disease and or hypoxia; Group 4, chronic thromboembolic pulmonary hypertension (CTEPH) and Group 5, unclear or multifactorial aetiologies 1 (Figure 1 ). The cause of PH is key to treatment and patients with suspected PH require detailed investigation to establish a clear cause and this should ideally be conducted in specialist PH centres. 2 It should be remembered that severe pulmonary hypertension is extremely rare in women of childbearing age.
In PAH, progressive narrowing of the pulmonary arterial bed results in increased right ventricular afterload and if untreated, it leads to right heart failure and death within a few years. PAH has several different causes resulting in similar pathological features. The three forms of PAH most commonly encountered include idiopathic PAH (IPAH), previously known as primary pulmonary hypertension for which no cause is identified, PAH in association with connective tissues diseases such as systemic sclerosis (PAH-CTD) or in association with congenital heart disease (PAH-CHD). 3 IPAH is rare, with a prevalence estimated between 15 and 52/million [3] [4] [5] [6] [7] and before the advent of specific PH therapies, the median survival was 2.8 years. This has improved, with women of childbearing age having an approximate 75% chance of being alive at 5 years. 7 For PAH, specific drug therapies are available and include oral therapies such as phosphodiesterase inhibitors (sildenafil and tadalafil) and endothelin receptor antagonists (bosentan and ambrisentan). Prostanoid analogues require more complex delivery systems (epoprostenol (intravenous (iv)), iloprost (nebulised (neb), iv) and treprostinil (subcutaneous, neb, iv)) and have antiproliferative effects as well as causing pulmonary arterial vasodilation. 2 Some of these drugs are potentially teratogenic and should be avoided in pregnancy.
CTEPH occurs following pulmonary thromboembolism (PTE) in up to 3.8% 8 of cases. In addition to obstructing the pulmonary vascular bed with organized clot, changes may also be seen in the rest of the pulmonary circulation, similar to those seen in PAH. This form of PH can be cured by pulmonary endarterectomy, which requires open-heart surgery and a prolonged period on cardiopulmonary bypass. In pregnancy, this form of surgery would be poorly tolerated. The effects on the heart in CTEPH are very similar to PAH. Drug therapies such as those for PAH can be considered in these patients, although the evidence for their use is suboptimal. 3, 5 Given the lack of alternative options in CTEPH, during pregnancy, they have been used to bridge a patient to delivery and successful pulmonary endarterectomy. 9 In contrast to patients with PAH and CTEPH, where treatments aimed at the pulmonary vasculature can improve outcome, in patients with underlying cardiac and respiratory disease, treatment is most appropriately aimed at the underlying cause. In Group 2 PH-LHD, for example, mitral stenosis causes an elevated left atrial pressure and a back pressure, resulting in elevation of pulmonary venous pressure that can elevate mPAP. Although in long-standing and severe mitral stenosis an element of PAH can be seen, the most appropriate intervention is to treat the mitral valve disease. Treatment with drugs that dilate the pulmonary arterioles and increase blood flow into the lungs can precipitate pulmonary oedema due to pulmonary venous hypertension in patients with PH-LHD. This emphasizes the importance of identifying the cause of PH, which is key to management.
Severe respiratory disease capable of causing PH is rarely seen in patients of childbearing age and given the degree of parenchymal disease necessary to cause PH, pregnancy would be poorly tolerated in this group. Cystic fibrosis can cause extensive lung destruction but pulmonary hypertension is rarely seen in this group of patients and confined to those with end-stage disease.
What are the clinical features of pulmonary hypertension and how do I make the diagnosis?
The majority of patients with PH who are pregnant will have an established diagnosis. 9 However, this diagnosis should be considered in pregnant patients with increasing breathlessness in the first trimester, particularly if significant and associated with syncope. In the immediate post-partum period, rapid decompensation of patients can occur and occasionally is the first presentation of PH. The classic symptoms of PH include fatigue and progressive exertional breathlessness. As the disease progresses, patients may develop exertional pre-syncope and syncope, which are usually indicators of severe disease. Exertional chest tightness similar to angina may occur but ankle oedema is a late feature. Electrocardiogram (ECG) and chest X-ray (CXR) may be abnormal in up to 90% of cases with severe disease but cannot be used in clinical practice to exclude PH. The diagnosis is usually suggested by echocardiography. 2 This allows an estimate of systolic pulmonary artery pressure (sPAP) by adding an estimate of right atrial pressure (usually estimated at 5 mmHg) to the tricuspid gradient, which is equal to 4V 2 where ''V'' is the peak velocity of the jet of tricuspid regurgitation. A jet of tricuspid regurgitation can be seen in approximately 90% of patients and is normal. A sPAP 440 mmHg is considered abnormal but echocardiography can both overestimate and underestimate sPAP. It should also be recognized that PH is defined at right heart catheter as a mPAP of at least 25 mmHg. Other echocardiographic features may also suggest PH such as a dilated right ventricle with reduced function and may identify a cause of PH such as LHD. In patients with IPAH, the sPAP is often in excess of 70 mmHg. The diagnosis may also be suggested by other investigations such as CT pulmonary angiography (CTPA) performed for other reasons such as suspected pulmonary embolism. Review of the CT may show evidence of pulmonary artery enlargement and dilated right-sided chambers, which are easily appreciated but often overlooked. 2 It is absolutely essential that if a diagnosis of PH is suspected, patients are referred to specialists experienced in the assessment of PH to confirm or refute the diagnosis.
What is the risk of maternal death in a patient with pulmonary hypertension who becomes pregnant?
Current data come from a number of sources including several single centre experiences, systematic analyses of the published literature and recently a small prospective study. Each of these have limitations and have included predominantly PAH and a number of series have concentrated on PAH-CHD. One of the first to publish on this topic was Gleicher et al. 10 who identified a maternal mortality of 30% in Eisenmenger syndrome in four decades to 1978. Weiss et al. 11 undertook a systematic evaluation of the literature from 1978 to 1996 with the benefit of Medline. In this comprehensive review, a heterogeneous group of 128 patients were studied from various countries. Those who would be classified as IPAH had a mortality of 30%, those with PAH-CHD, 36% and those with various forms of PH associated with other Figure 1 . Overview of the classification of pulmonary hypertension reproduced from the BMJ, Kiely et al. 2 Patients for whom specific therapies aimed at the pulmonary vasculature are known to improve outcome and are shown on the left hand side; in pulmonary arterial hypertension (PAH)-specific pharmacological therapies aimed at the pulmonary vasculature improves outcome; in chronic thromboembolic pulmonary hypertension (CTEPH), major surgery with pulmonary endarterectomy can be curative and for selected patients pharmacological therapies may improve outcome. For patients on the right hand side of the diagram, there is no current evidence that drug therapies will improve outlook and indeed this may worsen symptoms. conditions including PAH-CTD but also unusual conditions such as Takayasu's arteritis, a mortality of 56%. More recently, Bedard et al. 12 compared the outcome of PH in pregnancy between 1997 and 2007 with Weiss using similar methodology with a review of more recently published literature. This study confirmed that PH in pregnancy remained uncommon with only 73 parturients in the published literature and mortality in IPAH being 17%, PAH-CHD, 28%, and other forms of PH, 33%. Compared with the previous decades, there had been a modest overall improvement in mortality at 25% versus 38% for all patients. 12 A number of single centre studies, including our own, have over the last 20 years suggested that outcomes may be improved when patients receive specialist care with an overall mortality in the region of 10%, although numbers in these studies tend to be small. 9, [13] [14] [15] More recently, a prospective study enrolled 26 pregnancies with PAH from a number of PH specialist centres but there were eight abortions (six induced) and overall mortality of 12%. This group of patients were highly selected, with half the patients being long-term responders to calcium antagonists (these patients represent just 5% of patients with IPAH). 16 In conclusion, the risk of maternal death remains very high. In practice, we quote a maternal mortality of approximately 20%. For those with severe PAH and poorly controlled disease, the risk will be significantly higher. Whether a 'low risk' group can be identified will only be answered over time but currently we recommend that all patients with PAH avoid pregnancy.
Why is the risk of maternal death so high?
The pre-existence of PAH or CTEPH poses a severe risk of maternal death, due in significant part to an interplay between cardiovascular stresses with complex physiological changes occurring during pregnancy and the compromised right ventricular function and abnormal vasculature seen in these patients. 17 Detailed studies in pregnancy are limited in part by the non-invasive assessment of cardiac indices and by the limited number of patients. Recognition of the reasons for a high mortality allows one to identify potential targets for intervention.
Cardiovascular demands
In order to meet the demands of the foetus and mother, there are a variety of cardiovascular changes that occur in pregnancy. Oxygen consumption increases by 30% and blood volume increases by 40-50% by 32-36 weeks' of gestation. 18 Cardiac output increases steadily throughout pregnancy from the first trimester, reaching at peak at around 28 weeks, around 50% higher than pre-pregnancy levels. [19] [20] [21] This is a challenge for patients with PAH, who have compromised cardiac function due to an increase in right ventricular afterload and a reduced ability to increase cardiac output in response to stress, be it on exercise or during pregnancy. In severe PAH, the resting cardiac output may be low and less than 3.0 l/min. In some patients, the cardiovascular demands of pregnancy cannot be met. This will be reflected by increasing breathlessness or syncope as the patient struggles to meet cardiovascular demands. The development of these symptoms on minimal exercise or at rest early in pregnancy when further increases in cardiac output will be required is an ominous sign.
Direct effects on the pulmonary vasculature
A variety of hormonal changes occur during pregnancy and it is generally accepted that pregnancy is a 'vasodilatory state'. However, changes and the release of various vasoactive peptides at different stages during pregnancy and in the post-partum period may have adverse effects on the vasculature, intensifying pulmonary vasoconstriction. In particular, during the post-partum period, rapidly changing levels of vasoactive constrictors and vasodilators may result in intense pulmonary vasoconstriction and contribute to the high mortality often seen at this time.
Acute changes in blood volume around delivery and effects on compromised right ventricular function
During labour, painful uterine contractions lead to a further increase in cardiac output. This demand can be reduced using analgesia. The third stage of labour with delivery of the placenta and uterine contraction can release up to 500 ml of blood into the circulation. 22 Delivery also results in decompression of the aorta and venous system, with an increase in venous return. These may in part be offset by blood losses during delivery but these changes in blood volume, dependent on effects on the right ventricle, may have adverse effects on blood pressure. Major fluid shifts following delivery can increase right atrial pressure and have significant adverse effects on right ventricular function. A negative Starling response reflecting volume-mediated right ventricular dilation 23 can cause a precipitous reduction in cardiac output, which can be life threatening.
Thrombosis
In situ thrombosis is noted in histological specimens from patients with IPAH and failure to clear thrombus is a hallmark of CTEPH. Risk of acute PTE is increased during pregnancy, particularly in the postpartum period in patients undergoing Caesarean section. The development of pulmonary thrombosis results in an increase in afterload, further compromising RV function.
Other factors
The stress of coping with a normal pregnancy is exacerbated in patients and their families by the presence of any medical condition where the risk of maternal death is high. A number of issues may affect compliance, often with complex therapies and management plans. The need for assessments by experienced physicians able to understand subtle changes and a lack of randomised controlled trial data on how to manage these pregnancies contribute to a cocktail that may have disastrous consequences.
Do different factors influence clinical deterioration at different times of pregnancy?
Understanding the timing of important physiological changes in pregnancy and how they may affect a patient with PH as well as an understanding of the unpredictable nature of this illness is key to understanding how to optimise management strategies during various stages of pregnancy and the post-partum period. There are two periods where the risk of maternal death is particularly high: the first two trimesters and delivery/immediate post-partum period.
Early deterioration -inability to cope with cardiovascular demands
Failure to cope with the metabolic demands of pregnancy is more common in patients with severe PH, who have less cardiovascular reserve, although the individual's response to the increasing requirements of pregnancy can be very variable. With cardiac output increasing during the first two trimesters to reach a plateau, it is not surprising that patients who struggle with increased breathlessness in the first 24-28 weeks identify themselves as a group at high risk. Given the need to increase cardiac output progressively, the earlier the symptomatic deterioration, the more serious the cardiovascular inadequacy. In a single centre series from a large PH centre in France, three patients deteriorated between 12 and 23 weeks, with two of these patients dying and the patient who survived did so following termination of pregnancy. 24 In our centre, a patient who deteriorated at 25 weeks required initiation of iv prostanoid therapy and was delivered 5 days later, following optimisation of her clinical state. 25 Delivery and post-partum -fluid shifts, pulmonary vasoconstriction and thrombosis Repeated studies have identified that the immediate post-partum period is the highest risk for patients who successfully complete the first two trimesters. In the systematic review by Weiss et al., 11 36% of patients with Eisenmenger syndrome died, three during pregnancy, 23 within 30 days of delivery, with 14 patients dying within 2 and 7 days post-delivery. In IPAH, eight out of nine deaths occurred within 35 days of delivery, with the majority between 2 and 7 days. For these patients, the majority died of 'pulmonary hypertensive crisis' or 'therapy-resistant heart failure' and in a small number (n ¼ 3), 'thrombosis' was identified, although it is not clear whether this may have been long-standing. Bedard et al. 12 in their systematic review of more recent practice identified that the first week post-partum remains the highest risk period. There are a number of factors at play during this period. Major fluid shifts occur and a case report by Easterling et al. 23 documented with a central venous catheter the effects of a rising right atrial pressure on cardiac output and how this could be ameliorated by augmenting the physiological diuresis. The effect of withdrawing a hormonal 'vasodilatory' influence (which occurs following delivery) on the pulmonary vasculature is not known but one would anticipate that for some patients the pregnancy may have a 'protective effect on the vasculature', which is lost in the immediate post-partum period. The procoagulant effect of pregnancy in the third trimester and particularly in the post-partum period may cause obstruction of the vasculature by thrombosis and whether fibrin and platelet deposition in the pulmonary vasculature may result in increasing obliteration of a compromised vasculature is the subject of conjecture.
What advice should I give a patient with pulmonary hypertension regarding pregnancy?
With the high risk of maternal death in pregnancy and the difficulties in identifying low-risk pregnancies, our approach is to provide the patient with a comprehensive list of the evidence but advise strongly against pregnancy. We quote an absolute mortality risk of around 20% but higher in patients who have significant exercise limitation, WHO Class III and evidence of right heart dysfunction. We emphasise the challenge in predicting the natural history of disease, particularly in patients who are well in WHO functional Class (FC) II (mild exercise limitation). We find it helpful to discuss specifically the reason why patients deteriorate, e.g. an inability to pump more blood around the body to meet the requirements of the foetus, and that it is often later in pregnancy and post-delivery that patients run into problems. It is important also to point out that it is a major undertaking requiring a lot of hospital visits and delivery is more likely to entail surgical intervention with Caesarean section and a stay in an intensive care unit. It is important that patients are aware that they may become very unwell and despite all medical efforts they may die.
What forms of contraception can be used in patients with pulmonary hypertension?
It is essential that contraception is effective in this patient population and that the individual needs of each patient are discussed. 26 Progesterone-only contraceptives such as cerazette (oral daily), nexplanon (implant) and depot-provera (every 3 months) are safe and effective if taken as prescribed and reduce the pro-thrombotic effects of the combined oral contraceptive pill. Nexplanon has the advantage that the individual does not need to remember daily medication or 3monthly injections. These drugs can be taken in patients prescribed warfarin although care needs to be taken with intramuscular injections. Due to problems with reliability, the progesterone-only mini pill is not recommended. The Mirena intra-uterine system is highly effective and helpful in women with heavy periods. The risk of vaso-vagal events, which can be dangerous in PH, mandates that these devices be inserted in a hospital environment. Periodic abstinence and condoms are not recommended as a sole form of contraception, although the latter has an important role in preventing sexually transmitted diseases. Female sterilization is generally not recommended as it requires an anaesthetic and is less effective than other forms of contraception, although for appropriately counselled patients, it can be performed at the time of Caesarean section. Importantly the endothelin receptor blocker bosentan (but not ambrisentan) is an enzyme inducer so that for patients taking cerazette or nexplanon, we recommend an additional tablet of cerazette. Emergency hormonal contraception is safe for unprotected intercourse but a double dose is required in patients taking bosentan.
What should I do if a patient with pulmonary hypertension tells me she is planning to become pregnant?
It is important to recognize that despite counselling some patients may plan actively to become pregnant. It is essential that physicians experienced in the management of PH and ideally of PH and pregnancy are involved in these discussions. We often find it helpful that the woman and her partner meet with pulmonary hypertension physicians, obstetricians, anaesthetists and paediatricians to discuss the challenge ahead. 9 It is important these patients are aware that warfarin (that is routinely used in IPAH and CTEPH) is associated with congenital abnormalities and should be stopped if pregnancy is confirmed. They should be informed that bosentan is teratogenic in animals and along with ambrisentan usual advice is to stop this drug prior to trying to conceive. There is little evidence regarding the safety of other medications for PH in pregnancy. Although only a small minority of patients will continue to plan pregnancy following the above, it is key that these patients are supported and are discouraged from simply taking matters into their own hands. We also emphasise for patients recently diagnosed that they ensure there has been a period of stability before embarking on this course. We do discuss also that if the woman survives pregnancy, we cannot confirm that this will not alter the natural history of their disease although currently there are no definitive data to suggest that pregnancy affects the long-term prognosis adversely.
How should I investigate a patient with pulmonary hypertension who presents pregnant?
PH is a highly heterogeneous condition and a patient presenting for the first time out-with pregnancy with suspected PH will undergo a battery of non-invasive and invasive tests including extensive blood testing, ECG, CXR (Figure 2) , lung function testing, exercise testing, echocardiography, perfusion lung scanning, HRCT and CTPA, MR imaging and right heart catheterisation with vasodilator testing. 2 In a patient with known PH with a clear diagnosis, non-invasive assessment to assess disease severity including ECG, exercise testing and echocardiography is usually all that is required. In patients presenting for the first time in pregnancy often during the second and third trimester with clear evidence of severe disease on clinical assessment, echocardiography and cross-sectional imaging with CTPA ( Figure 3) , right heart catheterisation is usually deferred until after delivery. Invasive assessment of pulmonary haemodynamics during pregnancy is performed where indicated, particularly if there is doubt regarding the severity of disease in critically unstable patients to guide therapy or timing of delivery but these indications are few. 9 Facilities for emergency Caesarean section must be available at the time of right heart catheter in the unlikely event of complications.
How should I manage a patient with pulmonary hypertension who is pregnant?
In a patient with known PH, it is key that a diagnosis of pregnancy and the viability of the foetus is confirmed as soon as possible and the patient is seen in the pulmonary hypertension clinic. The patient and her partner need to be fully counselled regarding the risks of continuing with or terminating their pregnancy and this will require that they meet members of a multi-professional team including obstetricians, anaesthetists and their pulmonary vascular physicians. It is important to establish whether the patient wishes to continue with their pregnancy and whether they would consider termination. This is often a very difficult and emotional time for the patient and their family and it is key that they are supported during these difficult discussions. For patients who wish to continue with pregnancy, it is important that warfarin is stopped and replaced with low molecular weight heparin (LMWH) and if the patient is taking potentially teratogenic drugs such as bosentan or ambrisentan that these are discontinued and other options considered.
How should I treat pulmonary hypertension during pregnancy?
There is currently no evidence from randomised controlled trials regarding the effectiveness of therapies directed at the pulmonary vasculature in pregnancy and there is no prospect of these trials being conducted. Indeed, many of the drugs used to treat PAH are either contra-indicated (ambrisentan and bosentan) or a caution (prostanoid or phosphodiesterase inhibitors). Prior to the advent of these specific therapies for PAH, the mode of death, particularly in the post-partum period, was 'pulmonary hypertensive crisis' or 'heart failure'. 11 Given the ability of these drugs to improve pulmonary haemodynamics and right heart function in patients out-with pregnancy and the awful prognosis of patients with severe PAH who became pregnant in the pretreatment era even in expert hands, with mortality at over 30%, there is a good rationale to consider using these drugs in pregnancy. A number of reports in the literature in the late 1990s 23 and subsequently using neb 9, 25, 27 and iv prostanoids 23, 28 and more recently describing oral therapies 15 report successful outcomes, although there are cases where maternal death occurred even with intensive therapy. The systematic review from Bedard et al. 12 suggested that in 1997-2007, treatment with PH-specific therapies (including NO in the intensive therapy unit (ITU) environment) did not predict outcome although these were often used late when the patient was critically unwell and would not usually be considered as treatment with targeted therapies. Clearly there is a balance between the potential benefits of these therapies and the risks to the foetus and the timing of introduction of therapies will impact on the latter.
Our approach is to offer all patients with PAH and CTEPH targeted PH therapies where the diagnosis has been made and the patient has received counselling regarding the unlicensed nature of these products. 9 We feel it advantageous to commence therapy while the patient is stable to allow the pharmacological effects of the drug to be evaluated and also in the hope that by optimising treatment of PAH, we may improve cardiac reserve and make the pulmonary vasculature less reactive to changes in circulating vasoactive peptides that are likely to occur around the time of delivery. Where the patient is currently receiving PH therapies, we continue with current therapy unless they are receiving an endothelin receptor antagonist. If they are on monotherapy with an endothelin receptor antagonist, we will switch to a phosphodiesterase inhibitor or if a combination of a phosphodiesterase inhibitor and endothelin receptor antagonist, we will switch to a phosphodiesterase inhibitor and neb iloprost. In the event of deterioration on oral monotherapy, we will add neb iloprost with a view to switching to iv prostanoid and planning early delivery if no significant improvement. Deterioration during the first two trimesters mandates early delivery once the patient is stabilised, unless there is an immediate and rapid response to escalation of pharmacological treatment. For patients with a new diagnosis and not on drug therapy, we would introduce PH therapies with neb iloprost with subsequent treatment with oral sildenafil if in WHO FC III. If in WHO FC II, we would observe closely and introduce therapy during the second trimester if the situation remains stable or add before if deteriorates to WHO III to minimize adverse effects on the foetus. A number of other groups have suggested a good outcome with iv prostanoid. 28 For stable patients, our approach has been to avoid more complex therapies due to potential risks but to use this approach in patients where there is any deterioration not responding to phosphodiesterase inhibition and neb iloprost. For a small minority of patients with IPAH on high dose calcium antagonists who are clinically stable in WHO FC II, we would continue with these therapies as the outlook appears to be good from a recent multi-centre prospective observational study, although the number of patients on this therapy was small (n ¼ 8). 16 
How should I assess and follow-up a pregnant patient with PH during pregnancy?
This depends on the patient, the severity of their disease, their progress, geographical location and experience of their local physicians. In general, after establishing the diagnosis and initial management plan from the PH perspective, we would usually see patients every 4 weeks until 28 weeks, then every 2 weeks until delivery, usually between 34 and 36 weeks. At these visits, we would perform detailed history and examination, ECG, exercise testing with incremental shuttle walking test or 6-minute walk test and echocardiography at selected visits. Our emphasis is particularly on subjective reporting of symptoms with admission for further assessment/monitoring if there is a suggestion of decline. We would advise local obstetric follow-up with obstetric review at our PH center 9 at selected visits during the course of the pregnancy to ensure foetal maturation and to exclude obstetric issues such as placenta praevia. If the patient is stable, we would usually admit 24-48 h before delivery. An overview of our approach to the management of a patient with PH who is pregnant is shown in Figure 4 . 9 It is important not to neglect the patients general obstetric care and there can sometimes be uncertainty between centres regarding who provides all the standard care during pregnancy. At our PH centre, we now recognize that it is important for pregnant patients and their partners to have the opportunity to meet with the midwifery team. We have found that a visit to the obstetric unit to discuss what the mother should expect and what the infant will require after delivery, a visit to the special care baby unit and a visit to the ITU/high dependency unit (HDU) where the patient will stay for a week or so following delivery is helpful and re-assuring for our patients and partners. The optimal time to do this is not clear but usually within 2 or so weeks of planned delivery strikes a balance between information overload and ensuring that patients get this opportunity before going pre-maturely into labour. Using this approach, we are usually able to manage patients out with the hospital environment, which patients find advantageous.
When should I deliver a patient with pulmonary hypertension who is pregnant?
This is primarily dependent on the health of the mother and also the health of the foetus. As discussed previously, deterioration in the first two trimesters is associated with a poor outcome and these patients require termination/delivery to save the life of the mother 24 once the patient has been stabilized and excepting a dramatic improvement on pharmacological treatment. If the patient remains stable during pregnancy, a judgment needs to be made regarding the optimal time for delivery, balancing the needs of the mother and the foetus. The mortality of a mild pre-term delivery is low although there is evidence that there may be a delay in cognitive and behavioural development in infants delivered at 32-35 weeks gestation compared with term. 29, 30 In addition, early delivery is associated with more neonatal problems necessitating a period for the infant in a special care unit. Balanced against these risks is the chance of a patient going into premature labour at a site distant from the specialist centre, where the personnel and monitoring facilities may not be optimal. Our approach is to deliver at around 34 weeks if the patient is stable although there may be justification for delivering later during the pregnancy. This will be influenced by the mother's previous obstetric history, progress in the current pregnancy, foetal growth, geographical issues and the wishes of the patient and their families.
What mode of delivery and what form of anaesthesia should I use? Vaginal delivery versus Caesarean section
An elective procedure allows all members of an extended multiprofessional team to be present at a time when circumstances are optimal and there is access to intensive care beds for mother and neonate. In our centre, a pulmonary vascular physician, two obstetric anaesthetists, two experienced obstetricians, a paediatrician, an intensivist, a midwife in addition to other members of the theatre team are all present. Various approaches to delivery (vaginal 31 versus Caesarean 9 ) and anaesthesia (general 15 versus regional 9 ) have been advocated. Given the compromised right ventricular function and inability to increase cardiac output on exercise, an approach to minimize the impact of delivery on the cardiovascular system would seem appropriate. Vaginal delivery is advocated by some but this is accompanied by a 34% increase in cardiac output when the cervix is fully dilated. 22 This can be ameliorated but not abolished by the use of regional anaesthesia. Pushing in the second stage of pregnancy can significantly reduce cardiac output by reducing venous return to the right ventricle, which could have deleterious consequences. Given the trend towards pre-term delivery, induction of pregnancy could result in a long labour and the prospect of an emergency Caesarean section in this setting would be a significant undertaking. For this reason, many centres, including ours, advocate elective delivery using Caesarean section. This allows experienced surgeons to perform the procedure, minimizing blood loss and allowing manoeuvres to avoid use of vasoactive drugs by use of bimanual compression and suture compression of the uterus as appropriate. 31 In women with previous successful vaginal delivery/ies, the chance of successful induction of labour increases and the balance of risks (considering the increased risks of bleeding, infection and thrombosis with Caesarean delivery) may allow consideration of spontaneous delivery (geography allowing) or inducing labour. Our usual practice, however, is to plan for elective Caesarean section.
Regional versus general anaesthesia
A number of centres including our own have reported on the use of regional anaesthesia in these patients. 9, 24 Single shot spinal should be avoided, given the high risk of developing significant hypotension, which could be potentially catastrophic in the setting of a failing right ventricle. Epidural anaesthesia and combined spinal-epidural anaesthesia are usually advocated, with the latter providing the advantages of a low spinal block with a denser sensory block than an epidural, but avoiding the risk of hypotension with a spinal. Regional anaesthesia also has the advantage of providing post-operative analgesia and importantly for patients with, for example bleeding complications, capacity for top up anaesthesia and ease of return to theatre. This is important as surgical complications should be remedied immediately and failure to return to theatre due to concerns regarding need for further general anaesthesia in borderline cases may be an issue. General anaesthesia has also been used successfully by a number of centres; 15, 24, 32 however, rises in pulmonary artery pressure are known to occur at tracheal intubation 33, 34 and positive pressure ventilation can have negative effects on venous return. Our approach is to use regional anaesthesia but recognize that plans need to be made to proceed to general anaesthesia in selected cases.
How should I monitor patients around the time of delivery?
Our approach is to admit patients between 24 and 48 h prior to delivery. 9, 29 This allows for a detailed assessment of the patients clinical status pre-operatively and bloods are taken for full blood count, biochemistry and cross-matching. ECG and echocardiography are performed and we ensure that steroids have been given for foetal lung maturation. The morning of delivery, patients are taken to the intensive care unit early for insertion of a four-port central venous catheter to allow measurement of central venous pressure, drug delivery, sampling for routine bloods and measurement of venous oxygen saturations. An arterial line is inserted to allow continuous blood pressure monitoring. Central venous access is established and in selected patients, a sheath is inserted to allow insertion of a 'Swan Ganz' catheter, should the patient deteriorate in the post-partum period, although in practice, we rarely use a pulmonary artery floatation catheter. Noninvasive measures of cardiac output with for example lithium dilution cardiac output 35 (Figure 5 ), which requires central venous and arterial access, allow a continuous measure of cardiac output in addition to other core variables such as mean arterial pressure, right atrial pressure, heart rate and systemic vascular resistance and are useful for assessing trends, particularly in the immediate post-operative period. Our routine for patients on non-parenteral prostanoid (the majority of our patients are now on oral sildenafil and neb iloprost) is to start a low-dose infusion of systemic prostanoid, e.g. 2 mcg/h of iv iloprost for 2 h prior to Caesarean section and to continue this for 48-72 hours post delivery. Women are managed appropriately from a fluid balance perspective aiming for systemic blood pressure and central venous pressures around pre-delivery levels for the first 24 h. We aim to keep Hb 49, ideally 10 g/dl. A rising central venous pressure should raise the possibility of fluid overload, which can be managed by diuretics. Failure to respond to this suggests that the right ventricle may be struggling and in this setting, we would usually increase the dose of iv prostanoid and consider the addition of low-dose dobutamine, e.g. 2 mcg/kg/min and titrating as appropriate. If patients deteriorate despite increasing doses of pulmonary vasodilators and inotropes with the development of systemic hypotension, then we would consider addition of iv noradrenaline while considering causes for deterioration such as sepsis, haemorrhage, thrombosis and worsening PH. During the post-operative period, it is important to maintain adequate oxygenation usually aiming SaO 2 94-98% although this may not be appropriate in certain cases.
Are there any drugs I should use cautiously in patients with pulmonary hypertension?
Anticoagulation is routinely prescribed out with pregnancy in patients with IPAH and CTEPH but not usually in Eisenmenger syndrome due to concerns regarding significant haemoptysis from enlarged bronchial arteries. In pregnancy, the risks and benefits are discussed with individual patients. Our approach is to give prophylactic doses of LMWH in IPAH, full dose twice daily LMWH in CTEPH with prophylactic doses of LMWH given the night before surgery and the night after. Decisions in PAH-CHD are made on an individual basis.
Oxytocic drugs can cause hypotension and tachycardia 11, 36 but reduce the risk of post-partum haemorrhage. We give them routinely but as a low-dose infusion of syntocinon at 5 units over 1 h, repeated as necessary. If the patient develops hypotension, the infusion is interrupted. Anecdotally, those patients who develop hypotension with this drug often have more compromised right ventricular function.
As in standard anaesthetic practice in patients with cardiac disease, it is always best to give small doses of drugs and observe the effect.
Is breast feeding recommended?
There are no data on drugs used to treat PH and whether they cross into the breast milk. Due to uncertainty regarding this and the effects on a neonate, we advise against this.
How should I follow-up a patient following delivery?
Patients are usually monitored in an ITU/HDU setting for 5-7 days and if stable, discharged shortly thereafter. Following discharge, stable patients are reviewed usually at 1 week, then fortnightly, then monthly, then 3 monthly. Blood volume returns rapidly to normal but it usually takes several weeks for major haemodynamic changes to return to normal and up to 6 months for subtle haemodynamic changes. For patients with a new diagnosis, we would usually perform right heart catheterisation at around 4 months following delivery and rationalize treatment as appropriate at this stage.
Why are detailed management plans important?
Individual management plans are crucial for this patient group. Not all patients will comply with what the multi-professional team feels is the most appropriate approach. These patients can deteriorate rapidly and strategies must be in place to cover all eventualities including medical Figure 5 . Example of a continuous tracing available from LiDCO from a patient with severe pulmonary arterial hypertension taken at the time of delivery. This can be used to monitor patients around delivery and in post-partum period. This allows measurement of cardiac output, which is a key parameter in the peri-partum period. LiDCO: lithium dilution cardiac output.
and obstetric emergencies. This should include patient-specific plans for premature onset of labour, elective Caesarean section, emergency Caesarean section for maternal or foetal indications and what to do at times of cardiac arrest. Protocols outlining the drugs to be used for regional or general anaesthesia and contact details of pulmonary vascular physicians, anaesthetists, intensivists, obstetricians and haematologists are essential. Copies of these plans are also given to the patient in case of acute onset of problems outside the unit.
Conclusion
Patients with pulmonary hypertension should be advised of the high risks of pregnancy with clear and comprehensive contraceptive advice and if needed be offered termination of pregnancy. Despite being fully counselled regarding the high risk, patients may actively plan to become pregnant or may present for the first time in pregnancy with a new diagnosis of pulmonary hypertension. The advent of new therapies for specific forms of pulmonary hypertension, improvements in obstetric care and a multi-professional approach to the management has improved survival and outcome. Despite these advances, patients may have difficulties adhering to management plans and despite optimal strategies, pregnancy may ultimately result in the death of both the mother and unborn child. The potential impact that this has on family members and staff should not be underestimated.
